Mutations in the presenilins that cause familial Alzheimer's disease alter the activity of these proteases to increase generation of an aggregation-prone isoform of the amyloid b-peptide (Ab). How these mutations do so has been unclear. Sannerud et al. now show that regulation of subcellular localization plays a central role, advancing our understanding of the cell biology of Alzheimer's disease.
Deposition of cerebral plaques composed of the amyloid b-peptide (Ab) is a hallmark of Alzheimer's disease (AD). Although commonly a disease of old age, rare genetic forms of AD that cause onset in midlife offer critical clues to etiology. Dominant familial Alzheimer's disease (FAD) mutations found either in the substrate or enzyme that generates Ab point to this peptide as a trigger for AD (Tanzi, 2012) . Nearly 200 mutations in the enzyme, g-secretase, specifically in the presenilin (PSEN) subunit, cause FAD. Nearly all are found in the PSEN1 homolog, with only a handful in PSEN2. How the little-studied PSEN2 mutations cause disease has been unclear, but a new study in this issue of Cell by Sannerud et al. (2016) sheds light on this, with broader implications for the pathogenesis of AD.
The g-secretase is a member of the family of intramembrane-cleaving proteases (i-Clips) composed of four membrane-associated proteins with PSEN as the catalytic component (Wolfe, 2009) . PSEN hydrolyzes the transmembrane domains of over 70 substrates, including the amyloid b-protein precursor (APP) and the Notch family of receptors. Processing of Notch by g-secretase is part of an essential signaling pathway in developmental biology, and cleavage of APP produces Ab. The biological role of APP proteolysis remains unclear; however, FAD mutations in the PSENs alter Ab production to increase the proportion of aggregationprone 42-residue Ab (Ab42) relative to the shorter, more soluble 40-residue form (Ab40). PSEN1 knockout mice die in utero due to deficient Notch signaling, and PSEN1 is responsible for most Ab production. What then is the biological role of PSEN2, and how do mutations in this homolog cause FAD?
Sannerud and colleagues gleaned an important clue with the surprising finding that the subcellular localization of PSEN2 is different than that of PSEN1, appearing predominantly in late endosomal and lysosomal (LE/LYS) compartments. In contrast, PSEN1 is more generally distributed in the secretory/endocytic pathway and is concentrated at the cell surface, where very little PSEN2 is found. The localization of PSEN2 to the LE/LYS compartment is mediated by its cytosolic N-terminal domain, which contains an acidic leucine motif, a zip code for delivery to late endosomes and lysosomes through interaction with cargo-sorting AP complexes. PSEN2 was found to interact specifically with AP-1 complexes through the acidic leucine motif, and this interaction is critical to PSEN2 routing to LE/LYS (Figure 1) . Moreover, the PSEN2-AP-1 interaction is regulated by phosphorylation within this motif by the kinase Aurora A, leading to reduced localization to LE/LYS compartments, and suggesting a potential means of regulating PSEN2 sorting. Further investigations involving manipulation of specific Rab GTPases suggested that PSEN2 is shuttled to LE/LYS via early endosomes, while PSEN1 is directed to the cell surface via recycling endosomes.
What are the biological implications of the differential trafficking and subcellular localization of PSEN1 and PSEN2? This question was addressed by examining the specificity of PSEN1 and PSEN2 for some of their previously identified substrates. Sannerud et al. (2016) demonstrated that PSEN2 disruption yields a much stronger effect than PSEN1 disruption on melanocyte protein processing and further unveiled a role for PSEN2 in melanosome biogenesis, consistent with their PSEN2 localization findings. In contrast to the melanocyte proteins, a PSEN substrate that localizes to the cell-surface, N-cadherin, was cleaved much less efficiently by PSEN2-containing g-secretase than by the PSEN1-containing enzyme. Mutating or swapping the sorting motif between PSEN1 and PSEN2, resulting in PSEN2 localizing to the cell surface and PSEN1 to the LE/ LYS compartment, indicated that the differences in processing efficiency were largely due to differential enzyme localization. Interestingly, the g-secretase cleavage of APP appeared to be more resistant to changes in PSEN localization induced by sorting mutations, presumably reflecting the more diffuse distribution of APP among secretory, cell surface and endocytic compartments. Notch processing by g-secretases had been thought to be confined to the plasma membrane (Tarassishin et al., 2004) . However, Sannerud et al. (2016) showed that the membranebound fragment of Notch that remains following ligand-induced ectodomain shedding by ADAM proteases is not only cleaved at the cell surface by PSEN1 complexes but also internalized to late endosomal compartments where it is cleaved by PSEN2. Notch cleavage was affected by PSEN2 sorting mutations, leading the authors to speculate that alterations in PSEN localization could potentially play a role in Notch-related cancers.
Taken together, these findings reveal a new layer of regulation of proteolysis by g-secretase. The seeming promiscuity of this enzyme, cleaving almost any type I membrane-bound protein remnant, has led to its being dubbed the ''proteasome of the membrane'' (Kopan and Ilagan, 2004) . However, Sannerud et al. (2016) have uncovered an unexpected role of PSEN localization in regulating substrate selectivity.
The biggest surprise, however, came from investigating the effects of FAD mutations and PSEN localization on Ab production. Although PSEN2 was responsible for generating less secreted Ab than PSEN1, it was responsible for generating more intracellular Ab. Moreover, the ratio of Ab42 to Ab40 was higher for intracellular than secreted Ab ( Figure 1 ). As expected, FAD mutations in PSEN2 led to decreased secreted Ab40 and a moderate increase in secreted Ab42. However, the elevation of Ab42 in intracellular compartments was considerably greater, resulting in higher Ab42-to-Ab40 ratios. g-secretase initially forms long Ab peptides of 48 or 49 residues that are trimmed to secreted forms via the enzyme's carboxypeptidase activity (Takami et al., 2009 ). Localization of PSEN2 in the LE/ LYS compartment apparently decreases this activity, resulting in increased Ab42 generation. Surprisingly, some PSEN1 FAD mutations resulted in sorting of PSEN1 to the LE/LYS compartment, mimicking the localization of PSEN2. This gave rise to markedly increased intracellular Ab42, suggesting a role for cell sorting in the pathogenic effects of PSEN mutations.
These findings add a new dimension to the mechanisms by which PSEN mutations may trigger FAD. The long-running debate about whether these mutations cause a loss of normal function or a gain of toxic function disguise a deeper and more fundamental complexity. At the molecular and cellular level, FAD PSEN mutations cause loss-of-function, namely reduction of one of the normal biochemical functions of g-secretase (carboxypeptidase activity) which, in turn, leads to a gain of neurotoxic function (increased Ab42) (Chá vez-Gutié rrez et al., 2012; Fernandez et al., 2014) . To this fuller picture of FAD pathogenesis, we can now add changes in localization of g-secretase and a renewed focus on the pathogenic role of intracellular Ab.
Important new questions are raised in the wake of this new study. Could intracellular Ab42 be the neurotoxic form of Ab? g-secretase also produces Ab peptides of varying lengths besides Ab40 and Ab42. What are the effects of PSEN subcellular localization on these other Ab Figure 1 . Sorting of PSEN/g-Secretase Complexes and Processing of APP to Ab Peptide PSEN1-and PSEN2-containing proteases are differentially trafficked from the trans-Golgi network. PSEN1/g-secretase is sorted to the plasma membrane via recycling endosomes. PSEN2/g-secretase is sorted to late endosomes/lysosomes (LE/LYS) via early endosomes and interaction with AP-1. Ab is produced from APP first by proteolysis (at site b) through b-secretase followed by processive proteolysis by the PSEN-containing g-secretase complex. Trimming of initially formed long Ab by g-secretase leads to release of Ab40 and Ab42. Ab production in the late endosomal/lysosomal compartment is augmented by FAD mutations in PSEN1 or PSEN2, resulting in intracellular accumulation of the potentially pathogenic Ab42 peptide. In contrast, cleavage of APP at the cell surface results in relatively lower levels of Ab42, which is released from the cell together with Ab40.
isoforms and are they pathogenic? In addition to subcellular localization, it was recently demonstrated that PSEN2 expression is regulated by the transcriptional repressor REST (Lu et al., 2014) . The loss of REST in early AD was accompanied by derepression of PSEN2 expression, resulting in elevated PSEN2 mRNA and protein in affected neurons of the AD brain. This raises the intriguing possibility that elevated PSEN2 activity may result in increased intracellular Ab42 in sporadic late-onset AD, as well as in FAD. These findings also raise the question of whether strategies to remove extracellular Ab, such as the amyloid vaccines, would have any effect on intracellular Ab42 generated by PSEN2. Although PSEN2 has been a poor stepchild to PSEN1, with only a handful of FAD mutations and seeming to play a minor role in Ab production, it may be offering tantalizing clues to mechanisms with wider implications for the late-onset form of AD that affects tens of millions worldwide.
Plant actuators move organs, allowing the plant to respond to environmental cues or perform other mechanical tasks. In Cardamine hursuta the dispersal of seeds is accomplished by explosive opening of the fruit. The biomechanical mechanism relies on a complex interplay between turgor regulation and cell wall mechanical properties.
Plants do not have motor-protein-based muscle tissue that can be used to serve as actuator effecting movement at the organ level. However, despite their sessile lifestyle, plants have multiple needs for motion. Movements in plants have diverse functions ranging from optimization of photosynthesis by active orientation of organs for optimal sun exposure, to the capture of insects by carnivorous leaves. Movement is therefore a crucial component of the plants' behavioral toolset enabling them to respond to environmental stimuli. In this issue of Cell, Hofhuis et al. (2016) characterize the sophisticated biomechanical mechanism that allows the fruits of certain species in the Brassicaceae family to efficiently eject their seeds and to drop them at a significant distance from the parent plant.
Movement in plants occurs at a wide range of length scales, ranging from intracellular motion of organelles to the opening and closing of stomatal guard cells and the folding of leaves or turning of flower heads. Similarly, the timescales over which movement occurs vary significantly between milliseconds and days. Plant movements can be as subtle and slow as the winding of a tendril around an object and as rapid and dramatic as the venus fly trap closing its predatory leaf around an unsuspecting insect.
While the subcellular organelle movement in plant cells is motor-protein driven, any movements occurring at cell, tissue or organ scales have to rely on entirely different mechanisms. The reason why motor-protein-mediated movement does not operate at these length scales is the thin but stiff polysaccharidic layer, the cell wall, that envelopes plant cells and prevents the translation of protein-based forces from the cytoplasm to the outside. Instead, cell and organ movements in plants are typically accomplished by exploiting the forces generated by movement of water.
The mechanisms accomplishing the movements of plant organs can involve any combination of three fundamental processes: irreversible tissue growth, reversible turgor-regulated changes in tissue tension, and differential shrinkage through tissue drying (Figure 1 ). Amplification or acceleration of movements can be achieved through the implementation of mechanical instabilities and/or the sudden release of slowly established pretension (Dumais and Forterre, 2012).
